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Purpose: To evaluate the safety and efficacy of transcatheter arterial chemoembolization (TACE) followed by radiotherapy (RT) in 
treatment-naTve patients with locally advanced hepatocellular carcinoma (HCC). 

Materials and Methods: Eligibility criteria were as follows: newly diagnosed with HCC, the Barcelona Clinic Uver Cancer stage 
C, Child-Pugh class A or B, and no prior treatment for HCC. Patients with extrahepatic spread were excluded. A total of 59 patients 
were retrospectively enrolled. All patients were treated with TACE followed by RT The time interval between TACE and RT was 2 
weeks as per protocol. A median RT dose was 47.25 Gy,o as the biologically effective dose using the a/j8 = 10 (range, 39 to 65.25 
GVio)- 

Results: At 1 month, complete response was obtained in 3 patients (50/0), partial response in 27 patients (46o/o), stable disease in 
13 patients (220/0), and progressive disease in 16 patients (27%). The actuarial one- and two-year OS rates were 60.1% and 47.2%, 
respectively The median OS was 17 months (95% confidence interval, 5.6 to 28.4 months). The median time to progression was 
4 months (range, 1 to 35 months). Grade 3 or greater liver enzyme elevation occurred in only two patients (3%) after RT Grade 3 
gastroduodenal toxicity developed in two patients (3%). 

Conclusion: The combination treatment of TACE followed by RT with two-week interval was safe and it showed favorable 
outcomes in treatment-na'fve patients with locally advanced HCC. A prospective randomized trial is needed to validate these results. 
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The Barcelona Clinic Liver Cancer (BCLC) staging system stage C refers to advanced HCC, and it is defined as an Eastern 
provides a guide for the management of hepatocellular Cooperative Oncology Group (EC06) performance status of 
carcinoma (HCC) that is endorsed by both the European 1 or 2; evidence of vascular invasion or extrahepatic disease; 
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hepatocellular carcinoma 



Introduction 



Association for the Study of the Liver and the American 
Association for the Study of Liver Diseases [1,2]. The BCLC 
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or both. Sorafenib is the current standard treatment for BCLC 
stage C based on evidence from randomized clinical trials [3,4]. 

In addition to sorafenib, many locoregional modalities, such 
as transcatheter arterial chemoembolization (TACE), hepatic 
arterial infusion chemotherapy (HAIC), radiation therapy 
(RT), and different combinations of these treatments, have 
been used to treat advanced HCC in Asian countries [5]. 
These locoregional modalities provide maximal reduction 
in primary tumor burden for as long as the liver function 
and/or performance status of individual patients permits. 
These treatments may provide a survival benefit because 
more than two-thirds of patients with advanced HCC die of 
hepatic failure or intrahepatic tumor progression rather than 
metastatic disease [6]. One of the locoregional treatment 
strategies is the combination of TACE and RT Several reports 
demonstrated the synergic effect of the combination of TACE 
and RT [7-12]. Since 2008, based on these rationales, our 
institution has treated advanced HCC with TACE followed 2 
weeks later by RT as a protocol [13]. 

Although several institutions have reported favorable 
outcomes with this combined treatment approach [7-9,14- 
18], interpreting the results of these studies is controversial 
due to heterogeneity in study populations, histories of prior 
treatments, and the strategies used to combine TACE and 
RT. The purpose of this study was to evaluate the efficacy 
of combined TACE followed 2 weeks later by RT among 
treatment-naive patients with BCLC stage C of which 
prognosis was validated in several studies [19,20] to limit 
potential confounding effects by prior treatments for HCC and 
heterogeneity of study population. 

Materials and Methods 

1 . Patients 

Between March 2008 and December 2010, a total of 204 
patients were treated by combined TACE followed by RT for 
locally advanced HCC. Among them, patients who met the 
following criteria were enrolled in the current study: 1) newly 
diagnosed with HCC, 2) BCLC stage C, 3) Child-Pugh class A 
or B, and 4) no prior treatment for HCC (treatment-naive). 
Patients with extrahepatic spread were excluded. Finally, 59 
patients were analyzed retrospectively. 

2. Treatment protocol 

The details of treatment protocol were described in our 
previous report [13]. All patients were treated with one course 



of TACE followed by RT The time interval between TACE and 
RT was 2 weeks as per protocol. All patients underwent pre- 
RT clinical evaluation by physical examination and blood 
tests. If levels of aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), or both were elevated three-fold or 
more above normal levels and/or the Child-Pugh score was 
elevated by two or more, RT was delayed by one week. After 
the course of TACE and RT, we again evaluate the patient's 
general condition, liver function and tumor response. If 
complete remission was achieved, the patient was followed- 
up regularly. Otherwise, the additional TACE was repeated to 
control the residual tumors as long as the liver function and/or 
performance status of individual patients permits. 

3. TACE procedure 

Selective arteriography of the hepatic artery was performed 
to locate the tumor and any tumor neovascularity. After 
identifying the tumor-feeding artery a mixture of Adriamycin 
(Dong-A Pharm., Seoul, Korea) and Lipiodol (Guerbet, Aulnay- 
sous-Bois, France) was slowly injected through the catheter. 
The Adriamycin and Lipiodol doses depended on the tumor 
size and vascularity (3 mg of Adriamycin and 1 mL of Lipiodol 
per 1 cm diameter of tumor), although we limited the doses 
in a single TACE session to 70 mg of Adriamycin and 25 mL 
of Lipiodol. When embolization with a Lipiodol mixture alone 
was insufficient to block tumor-feeding arteries, additional 
embolization with 1- to 2-mm diameter gelatin sponges 
(Cutanplast; Mascia Brunelli Spa, Milano, Italy) was performed. 
The end point of TACE was complete Lipiodol uptake within the 
tumor or stagnant blood flow in the tumor-feeding arteries by 
fluoroscopy or injection of the maximum Lipiodol dose. 

4. RT 

All patients underwent four-dimensional computed 
tomography (4D CT) simulation to consider tumor movement 
during breathing. Before simulation, patients were trained 
to take a regular and shallow breath while aided by a goggle 
display system, which showed their own respiratory waveform 
for each patient. On simulation, a CT scan (General Electric, 
Milwaukee, Wl, USA) with contrast-enhancement was obtained 
for the arterial and portal phases during quiet breathing. Next, 
the respiratory image sets aided by the prerecorded goggle 
display were acquired with a real-time position management 
system (Varian Medical Systems, Palo Alto, CA, USA). The 
respiratory phase was divided into ten equal phases with 0% 
as end-inspiration and 50% as end-expiration (0% to 90%). 
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The images of arterial and portal phases and four respiratory 
phases (0%, 30%, 50%, and 80%) were used for target 
delineation. 

The gross tumor volumes (GTV), including the main tumors 
and/or portal vein tumor thrombosis (PVTT), were delineated at 
each phase. A 7-mm margin was added to the GTV within the 
liver to obtain the clinical target volume (CTV); non-enhancing 
thrombosis was also included within the CTV. The internal 
target volume (ITV) was determined from the sum of the CTV 
for each phase. A 5-mm margin was added to the ITV to create 
the PTV. 

The total radiation dose was determined by tentative guideline 
in our institution [13,21]. It was determined according to the 
percentage of the normal liver volume irradiated by more than 
50% of the prescribed dose (Vjoo/odose) as follows: for a Vjoo/odose 
below 20%, a total dose of 50 Gy was given in 10 fractions; 
for a M^oiMosi between 20% and 35%, a total dose of 45 Gy was 
given in 10 fractions; for a \/sm,aBsc between 35% and 50%, a 
total dose of 40 Gy was given in 10 fractions; and for a Vsoo^^jo^j 
above 50%, a total dose of 35 Gy was given in 10 fractions. 
When the gastroduodenal (GD) wall received a full dose of 
the prescribed dose, a total dose of 33 Gy in 11 fractions or 44 
Gy in 22 fractions was prescribed to avoid GD toxicity If the 
normal liver volume defined as the whole liver minus the CTV 
was less than 700 mL, RT was not recommended because of 
the concern for the liver toxicity in patients with cirrhotic liver. 

To verify the target position, we obtained gated on- 
board images (OBIs) of the exhalation phase daily before 
each treatment, and we matched these OBIs to dynamic 
reconstruction and rendering (DRR) images that were 
reconstructed with 50% phase CT images. The visualization 
of liver dome outline of 50% phase on DRR images was used 
for easy matching. Target localization was performed with the 
liver dome or Lipiodol deposits as surrogates. In case of shifts 
greater than 5 mm in positions, the OBI was re-taken. When 
the position shift was still greater than 5 mm, automatic 
adjustment for the patient's couch position was performed by 
the linear accelerator machine. 

5. Evaluation 

All patients were examined at least once a week during 
treatment. After the completion of RT, patients were followed- 
up at 1 month. A triphasic CT scan was performed for response 
evaluation. The radiological response was assessed with the 
modified Response Evaluation Criteria in Solid Tumors. For 
patients of whom the GD wall was in close proximity to the 



PTV, fiberoptic gastroduodenoscopy was performed before 
and after RT to evaluate GD toxicity. Any treatment-related 
adverse events were evaluated at each visit with the Common 
Terminology Criteria for Adverse Events ver. 3.0. 

6. Statistical analysis 

The duration of overall survival (OS) was calculated from the 
start date of TACE to the date of death or last follow-up. Time 
to progression was calculated from the start date of TACE 
to the date of any progression or last follow-up. Survival 
rates were estimated by the Kaplan-Meier method. Survival 
differences between groups were compared by the log-rank 
test. The Cox proportional hazards regression model was 
employed for multivariate analysis. The p-values of 0.05 or less 
(two-sided) were considered statistically significant SPSS ver. 
19.0 (IBM, Armonk, NY, USA) was used for the analysis. 

Results 

1. Patient characteristics 

Forty-nine patients (83%) started RT at 2 weeks after the com- 
pletion of TACE. RT was delayed 1 week in 10 patients (17%), 
but all delays were due to patients' personal schedules and not 
impaired liver function. A median total dose of 35 Gy (range, 
30 to 45 Gy) was delivered in 2 to 4.5 Gy per fraction. The 
calculated biologically effective dose as the ajp = 10 ranged 
from 39 to 65.25 Gy,o (median 47.25 Gy,o), and it was ranged 
from 32.5 to 54.4 Gy (median 39.4 Gy) when converted to the 
2-Gy equivalent dose with ajp = 10. The median age was 55 
years (range, 27 to 76 years). The characteristics of all patients 
are summarized in Table 1. 

2. Response 

The overall response to treatment was evaluated at 1 month 
after the completion of RT. Complete response (CR) was 
obtained in 3 patients (5%), partial response (PR) in 27 patients 
(46%), stable disease (SD) in 13 patients (22%), and progressive 
disease (PD) in 16 patients (27%). Of the 16 patients with PD, 
target lesion PD developed in 6 patients, non-target lesion 
PD developed in 4 patients, and new lesions developed in 14 
patients. Tumor response within the irradiated field (RT-infield 
response) was also evaluated; CR was obtained in 3 patients 
(5%), PR in 31 patients (53o/o), SD in 23 patients (39%), and PD 
in 2 patients (3%). 
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Table 1. Patient characteristics 


Characteristic 


No. of patients ("/o) 


Gender 




Male 


50 (85) 


Female 


9 (15) 


Age (yr) 




<55 


29 (53) 


>55 


30 (47) 


ECOG performance 




0 


22 (37) 


1 


37 (63) 


Child-Pugh class 




A 


52 (88) 


B 


7 (12) 


Viral marker 




HBV 


50 (85) 


HCV 


2(3) 


Both HBV and HCV 


2(3) 


Non-B and Non-C 


5(9) 


Modified UlCCT stage 




2 


3(5) 


3 


22 (37) 


4 


34 (58) 


Tumor size (cm), median (range) 


9 (2-18) 


<5 


12 (20) 


>5 and <10 


18 (31) 


>10 


29 (49) 


Vascular invasion 




No 


3(5) 


Yes 


56 (95) 


Main PV 


33 (56) 


Segmental PV 


21 (36) 


HV or IVC 


6(10) 


Multiplicity 




Single 


23 (39) 


Multiple 


36(61) 


Initial AFP (ng/mL) 




<400 


23 (39) 


>400 


36(61) 



ECOG, Eastern Cooperative Oncology Group; HBV, hepatitis B; 
HCV, hepatitis C; UlCC, Union for International Cancer Control; 
AFP alpha-fetoprotein. 



3. Additional treatment after combined TACE and RT 

For intrahepatic tumor control, a median of 2 additional 
sessions (range, 1 to 8 sessions) of TACE was performed in 
53 patients (88%), and re-irradiation was performed in five 
patients (6%). Sorafenib was used for 12 patients (21%) for 
extrahepatic spread. 



4. Survival and failure 

The median follow-up duration for all patients was 10 months 
(range, 2 to 44 months). At the time of analysis, 32 patients 
(49%) were still alive. Fig. 1 depicts the case history of one 
of the long-term survivors. The actuarial one- and two-year 
05 rates were 60.1% and 47.2%, respectively. The median OS 
was 17 months (95% confidence interval, 5.6 to 28.4) (Fig. 2). 
On univariate aniaysis for 05, Child-Pugh class A (A vs. B, p = 
0.011), modified Union for International Cancer Control T2-3 
stage (T2-3 vs. T4, p = 0.020), single tumor (single vs. multiple 
tumors, p = 0.006), the absence of main PVTT (no vs. yes, p = 
0.005), and overall response to treatment (CR and PR vs. SD 
and PD, p < 0.001) were statistically significant factors for 
better 05 (Fig. 3). Gender (p = 0.841), age (>55 vs. <55 years, p 
= 0.504), performance status (ECOG 0 vs. 1, p = 0.206), tumor 
size (>10 vs. <10 cm, p = 0.088), the initial level of alpha- 
fetoprotein (>400 vs. <400 ng/mL, p = 0.718) and RT dose 
(>47.5 vs. <47.5 Gy,o, p = 0.749) did not show any statistically 
significant differences. Multivariate analysis showed that 
Child-Pugh class (p = 0.002), the presence of main PVTT (p 
= 0.026), multiplicity (p = 0.022), and overall response to 
treatment (p = 0.019) were statistically significant prognostic 
factors for OS. 

During follow-up, a total of 59 patients (88%) experienced 
disease progression. The median time to progression was 4 
months (range, 1 to 35 months). The actuarial one- and two- 
year progression-free survival rates were 20.3% and 8.5%, 
respectively (Fig. 2). At the initial recurrence, intrahepatic 
metastasis (29 patients, 49%) was the most frequent pattern 
of failure, followed by primary tumor failure (23 patients, 39%) 
and extrahepatic metastasis (11 patients, 19%). 

5. Adverse events 

Table 2 summarizes the data on acute toxicity during TACE and 
RT or 1 month after completion of RT. Grade 3 or greater liver 
enzyme elevation (i.e., more than five times the upper limit of 
the normal value) occurred in 41 patients (69%) after TACE, 
but it was self-limiting in all patients, and no patients delayed 
the start of RT for that reason. Grade 3 or greater liver enzyme 
elevation occurred in only two patients (3%) after RT. During 
follow-up, grade 2 GD toxicity developed in 14 patients (24%) 
and grade 3 GD toxicity developed in two patients (3%). No 
treatment-related deaths were observed. 
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Fig. 1. Tumor response after tran- 
scatheter arterial chemoemboliza- 
tion (TACE) followed by radiotherapy 
(RT). A 42-year-old woman was 
diagnosed with hepatocellular 
carcinoma in dynamic computed 
tomography (CT). (A) The CT image 
showed an 8.5-cm mass (short 
arrow) extending to the inferior 
vena cava (IVC) through the right 
hepatic vein (long arrow). The initial 
alpha-fetoprotein (AFP) level was 
19,600 ng/mL. The patient was 
treated with TACE and RT with 35 Gy 
(3.5 Gy per fraction). (B) At 1 month, 
partial response was obtained. 
Partial lipiodol uptake was observed 
in the large mass extending to the 
IVC (long arrow), but viable tumors 
were still enhanced (short arrow). 
The AFP level decreased to 1,375 ng/ 
ml, and two sessions of TACE were 
performed additionally. (C) At 35 
months after treatment, there was 
no evidence of recurrence on CT and 
the AFP level was 3.8 ng/mL. Liver 
atrophy was observed (arrowheads). 



Discussion and Conclusion 

The BCLC staging systems provides the treatment strategies 
based on the results of several clinical trials. Recently, the 
results of two large-scale randomized controlled trials in 
advanced-stage HOC indicate that sorafenib can improve 
median OS by nearly 3 months compared with placebo [3,4]: 
median OS was improved from 7.9 to 10.7 months in the 
Western trial, and from 4.2 to 6.5 months in the Asian-Pacific 
trial. Sorafenib has become the standard treatment for BCLC 
stage C based on these data. However, the improvement 



in survival with sorafenib is modest, and BCLC stage C 
encompasses a wide spectrum of disease, ranging from 
vascular invasion, which indicates 'locally advanced' disease; 
to distant metastasis, which indicates 'systemic disseminated' 
disease. Indeed, the treatment for these two categories seems 
to be quite different. In Asian countries, both sorafenib and 
locoregional modalities, such as TACE, HAIC, and RT, have been 
used for locally advanced HCC [5,22,23]. These locoregional 
modalities were expected to improve survival by preventing 
local progression while preserving liver function. Moreover, 
there is no evidence showing that sorafenib is better than 
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these locoregional modalities. 

Combining TACE with RT is one locoregional strategy for 
treatment of advanced HCC. This strategy has some advantages 




Fig. 2. Overall survival (05) rate and progression-free survival (PFS) 
rate in all patients. 



over TACE alone. For a primary tumor, RT can eliminate residual 
cancer cells at the tumor periphery that may remain viable 
due to blood supply from the collateral circulation or re- 
canalization of the embolized artery. For PVTT, RT may help 
maintain liver function by stabilizing the patency of portal flow, 
and consequently, enabling to perform additional TACE [7,8]. 
Additionally RT may increase the efficacy of subsequent TACE 
by decreasing shunt flow around the PVTT [24]. Conversely, 
TACE can be helpful to control intrahepatic metastasis outside 
the RT field. In addition, it has a radio-sensitizing effect due to 
Adriamycin, which is injected through the tumor during TACE 
and maintained for up to 27 days [12]. Therefore, the addition 
of RT after TACE within 2 weeks can theoretically maximize the 
combining effect of two modalities if not the liver function 
deteriorates. 

Although randomized trials are lacking, several studies have 
reported the efficacy of combined treatment with TACE and RT 
in patients with advanced HCC [7-9,14-18]. A response rate of 
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Fig. 3. Overall survival rate according to (A) Child-Pugh class, (B) the presence of main portal vein tumor thrombosis (PVTT), (C) 
multiplicity and (D) overall response to treatment. 
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Table 2. Acute adverse events after TACE followed by RT 



Events after TACE Events after RT 

Adverse event 

Grade 1 or 2 Grade 3 or higher Grade 1 or 2 Grade 3 or higher 



Symptoms 



A/N/V 


24 (40) 


0 


28 (47) 


0 


Abdominal pain 


44 (75) 


0 


7(12) 


0 


Fever/chills 


15 (25) 


0 


5(8) 


0 


Ascites 


2(3) 


0 


6 (10) 


2(3) 


Laboratory 










AST 


18 (30) 


40 (68) 


39 (66) 


2(3) 


ALT 


28 (47) 


27 (46) 


19 (32) 


1 (2) 


ALP 


35 (59) 


2(3) 


31 (52) 


0 


Bilirubin 


30 (51) 


2(3) 


9(15) 


2(3) 


Albumin 


17 (29) 


0 


27 (46) 


0 



Values are presented as number of patients (%). 

TACE, transcatheter arterial chemoembolization; RT radiotherapy; A/N/V, anorexia/nausea/vomiting; AST aspartate aminotransferase; 
ALT alanine aminotransferase; ALP, alkaline phosphatase. 



25% to 76% and a median survival of 5.3 to 20 months have 
been reported. However, the results are difficult to interpret 
due to heterogeneity in the study population, the time interval 
between TACE and RT, and the history of prior treatment 
for HCC. In the current study, we selected treatment-naive 
patients with HCC who were diagnosed as BCLC stage C to 
ensure that we had a homogenous study population. We 
also excluded patients with extrahepatic spread because 
extrahepatic spread could not be encompassed within the 
RT portals together with the main tumor, and sorafenib is 
considered to be the first-line therapy for systemic disease. 
For these patients, we showed favorable outcomes when 
treated with TACE followed by RT with a 2-week interval. The 
overall response rate at 1 month was 51% and the median OS 
was 17 months. Furthermore, the 3-year OS rate was around 
50% in patients with favorable factors, such as Child-Pugh 
A or the absence of main PVTT or single tumor or responded 
tumor to treatment (Fig. 3). In contrast, the use of sorafenib 
alone showed a median OS of 10.7 months in a study of North 
American and European patients and 6.5 months in a study of 
Asian-Pacific patients [3,4]. In the subgroup analysis of Asian- 
Pacific study, even the patients with the best prognosis, who 
had no vascular invasion or extrahepatic spread, had a median 
survival of 14.3 months [25]. A recent study compared TACE 
alone with sorafenib for treatment of BCLC stage C and found 
that TACE showed a similar survival outcome to sorafenib (TACE, 
9.2 months; sorafenib, 7.4 months), even in the presence of 
vascular invasion or extrahepatic metastasis [6]. These findings 
suggest that an effective locoregional treatment can provide 



a survival benefit that is comparable or better than that of 
sorafenib in locally advanced HCC, although this subject will 
need to be validated in a prospective trial. 

Previously, the major limitation of RT to the liver was the risk 
of hepatic toxicity. However, with recent technical advances, RT 
can be focused on the tumor while preserving the healthy liver. 
In the current study, 4D planning allowed the incorporation 
of patient-specific motion into the target volume, and image- 
guided RT may have facilitated more accurate radiation 
delivery and margin reduction. These efforts may make it more 
feasible to reduce RT-toxicity. Liver enzyme elevation of grade 
3 or above was observed in only two patients (3%); for these 
patients, RT was delivered with caution under our institution's 
guidelines. For 6D toxicity, the severe toxicity (grade 3) that 
required major cauterization and transfusion occurred in 
only two patients (3%). But the moderate toxicity (grade 2) 
that required the medication such as a proton pump inhibitor 
occurred in 14 patients (24 %). Liver cirrhosis and portal 
vein hypertension are the risk factors for 6D ulcer [26-28], 
so caution should be used when the GD is in close proximity 
to the RT target volume. The factors that influence the 
development of GD toxicity are currently being investigated at 
our institution. 

Our study has several limitations. We enrolled a relatively 
small number of patients, and we used a retrospective study 
design. Although we tried to overcome these limitations by 
enrolling a homogenous study population (i.e., treatment- 
naive HCC patients at BCLC stage C), our results will need to 
be validated in a prospective study. In addition, we could not 
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draw any conclusions regarding tlie efficacy of combined TACE 
and RT for patients witli extrahepatic spread. 

In conclusion, the combination treatment of TACE followed 2 
weeks later by RT was safe and it showed favorable outcomes 
in treatment-naive patients with locally advanced HCC. A 
prospective randomized trial is needed to validate these 
results. 
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